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Abstract 
The main objective of the femur bone analysis is to know the natural frequencies, natural vibration modes and identify the fracture 
location of the bone through the computer simulation based on the FEA. Finite element Method or Finite Element Analysis is an 
approximation techniques used for the analysis of complex objects and geometries. The femur bone analysis is subjected to free-
free and fixed-fixed boundary conditions. For these two different boundary conditions natural frequencies and natural vibration 
modes are identified. The mode shape shows that the natural frequency of free-free boundary condition varies from 0 Hz to 
1381.1 Hz and for fixed-fixed boundary condition 1211 Hz to 7856.4 Hz. On the bases of these two boundary conditions mode 
shape is determined and fracture location can be easily notified. To prevent the fracture of femur bone external excitation 
frequency must be avoided to coincide with these natural frequencies. The results were compared with experimental results 
available in literature. For the design of femur bone model Solid Edge software is used and the model is imported in ANSYS 
R 14.5 (FEA based software) for the free vibration analysis. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Gokaraju Rangaraju Institute of Engineering and Technology (GRIET). 
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1. Introduction 
Human body subjected to any type of vibration is called human vibration. The main reason of human vibration study 
is reduce the health risks and increase the level of comfort.  
_________________ 
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The human vibration can be divided into two types known as Hand-Arm vibrations (HAV) and Whole body 
vibrations (WBV) Hand-Arm Vibrations are induced via the hands and this is the main cause of circulatory disorder, 
bone, joint or muscle diseases. Whole-Body Vibrations are induced via the back and the feet of a person and it may 
cause harm to the spinal column. The human body and each organ have its own natural frequencies that can resonate 
with vibration excitation received at their natural frequencies and this resonance may cause adverse health effects. 
The bone between the hip and the knee joint is called the femur bone. It is the longest and strongest bone of the 
human body. The upper end of femur bone fits into a socket in the pelvis to form the hip joint. The head is 
connected to the bone shaft through the neck of the femur and this neck of femur is the structural weakness and 
fracture point. The lower end of the femur is hinges with the shinbone to form the knee joint. Our objective is femur 
bone vibration analysis. Human body vibration has been studied for more than 50 years. Many researchers and 
authors have contributed a lot. 
 
G.S. Paddan  and  M.J.Griffin (1998) have studied the transmission of seat vibration to the head and analyze the 
adverse effects of whole body vibration. They have also considered the mechanical, psychological and physiological 
aspects of whole body vibration. P. Holmlund et al. (2000) have studied the mechanical impedance of the human 
body in sitting posture and vertical direction was measured by different experimental conditions. The outcome 
shows that impedance increases with frequency up to a peak at about 5 Hz after which it decreases in a complex 
manner which includes two additional peaks. Ivo J. Tiemessen et al. (2007) have perform a review study work for 
drivers to  reduce the  whole-body vibration exposure and try to find the solution to reduce the whole body 
vibration. There are various factors responsible for WBV such as design consideration, posture, Duration of 
vibration and amplitude of vibration etc. Musculoskeletal disorders (MSD) and low back pain is the resultant of 
whole body vibration. A driver is subjected to whole body vibration for long duration, so chances of MSD and low 
back pain is maximum. E.T. Ingólfsson et al. (2012) have perform a literature review for Pedestrian-induced lateral 
vibrations of footbridges and explore the various factors for footbridges design to reduce the retrofit cost because of 
vibration. S. Lings et al. (2000) have perform the epidemiological literature review (1992-1999) for Whole-body 
vibration and low back pain. They have concluded that there is a direct relationship between WBV and low back 
pain and suggested methods to reduce the WBV.  
 
Pier Paolo Valentini (2012) have simulated the human spine vibration. A new innovative numerical dynamic model 
has been used. The modeling approach is based on the use of the dynamic spline formalism in order to achieve a 
condensed description requiring a smaller set of variables but maintaining the nonlinear characteristic and the 
accuracy of a fully multibody dynamic model. The simulation result have been compared with literature result. 
Hight et al. (1980) have performed vibration analysis of human tibia using beam type finite element model and 
satisfied the result with analytical and experiment results. Pelker et al. (1983) have studied the dynamic loading of 
femur bone with stress wave. R. Huiskes et al. (1983) have studied the importance of computer simulation for bio 
mechanics application. Computer based Finite Element Analysis (FEA) is a mathematical modeling and analysis 
tool used for numerical analysis of complicated structure and geometry. In this paper FEA is used  to find out the 
natural frequency and mode shape of the Femur bone in order to prevent the femur fracture. The methodology 
adopted for the analysis is Cad model is imported in ANSYS 14.5 software and results have been taken for two 
different boundary conditions. The result of simulation is compared with literature result.  
 
Researchers have been studying the vibration characteristic of femur bone from 1980 khalil et  al. (1981) obtained 
natural frequencies and mode shapes of femur bone using experimental and analytical methods. The experimental 
measurements were based upon Fourier analysis of transfer function .For analytical solution a mathematical model 
of 59 elements was analyzed using transfer matrix method. The first 20 Experimental natural frequency vary from 
250 Hz to 7300 Hz. In actual condition femur bone is constrained between pelvis and tivia. So in this work we have 
considered two boundary condition for checking the result. The result for natural frequency of  the free-free 
boundary condition is very low starting from 0 Hz. Only mode 6, 7, 8 and 9 (Table 1) natural frequency are in the 
range of Experimental result. For fixed-fixed boundary condition the natural frequency varies from 1211 Hz to 
7663.4 Hz, (Table 2) which is accurately in range with the experimental natural frequency of (250-7300) Hz. 
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The weight of the body is supported by Knee joint. There are two possible condition of femur fracture, first across 
its neck and second across the shaft. If the fracture is across its neck this is known as Broken Hip. This is common 
in elder people and usually associated with a fall. For treatment hip replacement techniques is used. If the femur 
bone is subjected to extreme load and pressure the fracture caused is across the shaft. This type of fracture takes 
place in a road accident or continuous vibration. Almost all weight of the upper part of human body is supported by 
femur bone so in case of fracture or failure it cause more travel in motion, walking and jumping. Femur bone have 
complex configuration so it is not easy to perform the complete 3D mechanical analysis of the femur bone in actual 
form. For analysis we have considered the simple geometry and mathematical techniques to get the desire result. 
 
2. The Cad Model 
 
The femur bone model was constructed from CT scan data and reconstructed using software Solid Edge (2006). 
The shape of the femur is asymmetric and curved in all three planes. Hence, a three-dimensional model is required 
for a quantitative vibration analysis. The CAD software SOLID EDGE is selected to prepare the solid model of the 
femur bone. The CAD model is shown as figure 1. After the completion of the model the *.IGES file is imported 
from the SOLID EDGE to ANSYS 14.5 (2013) software for the analysis. The main step of the FEA based analysis 
is to divide the bone in small pieces called elements and these elements are connected at nodes. The meshed model 
of femur bone is shown in figure 2. ANSYS 14.5 is a research version, it provide high quality meshing facility. 
The meshed model consists of 19,08,082 nodes and 12,18,213 elements. Linear tetrahedral elements are used for 
meshing. 
 
 
 
Fig. 1. Cad Solid model of Femur bone 
 
 
 
 
Fig.2. Meshed Model of Femur bone in ANSYS 14.5 
 
3. Boundary Conditions and Material Properties 
 
During analysis geometrical model is subjected to two different boundary conditions. The first boundary condition 
applied on the femur bone is free-free boundary conditions and the various results have been taken. For free-free 
condition both the lateral condyle and the median condyle and the femur neck is free.  The second boundary 
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condition is fixed-fixed condition. In fixed-fixed boundary condition lateral condyle, median condyle and the 
femur neck is constraint to move. When the results have been compared with the literature result fixed-fixed 
boundary condition is more appropriate and describes precisely human body behavior. We have taken into account 
for first 10 order vibration mode shape. 
The complex geometry of Human body is not easily described in terms of simple geometrical shapes. Biomaterials 
selected for study shows non-linear viscoelastic behaviour so that’s why linear vibration theory fails to succeed in 
the description of such a complex behaviour. Therefore and as a first step, this study will be limited to a single 
isolated element, i.e. the femur bone. Mechanical properties (Young’s modulus, Poisson ratio and bone mass 
density) are required to analyze the femur bone. These are very important parameters for the vibration analysis of 
the femur bone. The material properties selected for the study of the femur bone are Young’s modulus – 7.585 
GPa, Poisson ratio- 0.35, Bone density- 866 kg/m3  D.C.Wirtz (2000). 
 
ANSYS 14.5 workbench is selected for modal analysis and the load is selected by program automatically. The first 
10 order vibration mode of femur bone is shown in figure 3 & 4. 
 
 To determine the modal response, modal analysis using FE is performed using implicit FE code-ANSYS 14.5. The 
governing dynamic response equation is given by:  
 
[M]{x∙∙(t)} +  [C]{x∙(t)}+[K]{x(t)}= {F(t)}                         (1) 
 
Where-[M], [C], [K] are the global mass, Damping and Stiffness Matrix of the model; {x∙∙(t)}- Acceleration Vector, 
{x∙(t)}-Velocity Vector, {x (t)}-Displacement vector. 
 
For undamped free vibration analysis the damping and external excitation force is zero ([c]=0, [F]=0). So the 
equation (2) can be represented as undamped free vibration 
 
[M]{x∙∙(t)} +[K]{x(t)}= 0                                                     (2) 
 
the solution of the above equation can be written as 
 
{x}={X} eiωt                                                                          (3) 
 
where {X} represents the amplitudes of vibration of all the masses (mode shape or eigenvector's), ω eigen frequency 
(rads-1), so the equation (2) reduces in- 
 
([K]- ω2[M]){X}= 0                                    (4) 
 
If  we replace ω2 by λ the equation (4) become a linear problem in matrix algebra.{Xi} has nonzero solution, then 
coefficient matrix must be equal zero. Each eigenvector{X} and corresponding eigenvalues {ωi2} is solved using 
ANSYS. 
 
4. Results and Discussion 
 
There are two motion supported boundary conditions for which simulations   are performed. In free-free boundary 
conditions all DOF of boundaries are subjected to variations. In the displacements of boundaries are set to 
automatic under the materials conditions fixed-fixed boundary conditions    guarantee    that   all   degrees   of 
freedom are constrained in boundaries. The FEM based software Ansys.14.5 version solved the hip bone modal 
analysis and we find the natural frequency and mode shape. In orthopedic problems modeling of boundary 
conditions and joints are very challenging problems and they might have no unique results. Through in our study 
we have find the natural frequencies and first ten modes shape of femur bone as shown in figure 3 & 4. 
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The issue of femur bone fracture arises from the aging. Bone mass decreases with aging, a condition of low bone 
mass associated with an increased risk of fracture. However, low bone mass is not the only reason why bone 
becomes more prone to fracture with age, in present research bone quality is also a factor considered for bone 
fracture. Bone quality where quality is a term used to describe the influence of mechanical properties such as elastic 
modulus, strength, and toughness.  
 
                            Table. 1 Mode number and corresponding natural frequency (Free-Free Boundary Condition) 
 
                  Mode Number                                                   Natural Frequency (Hz) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
0 
3.20E-03 
4.61E-03 
1.02E-02 
1.07E-02 
1.08E-02 
448.56 
523.74 
1109 
1381.1 
 
                            Table. 2  Mode number and corresponding natural frequency (Fixed-Fixed Boundary Condition). 
 
                Mode Number                                                     Natural Frequency (Hz) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1211 
1268.9 
2818.1 
2983.9 
4918.2 
5044.6 
5220.9 
7160.3 
7663.2 
7856.4 
 
By using ANSYS implicit code the modal analysis has been performed and ten resonant frequency and 
corresponding mode shape has been obtained. From analysis for free-free boundary condition frequency range 
variation is 0 Hz to 1381.1 Hz, and for fixed-fixed boundary condition frequency range varies in between 1211 Hz to 
7856.4 Hz. 
 
Undamped free vibration resonant frequencies for two different boundary conditions are tabulated in Table 1 and 
Table 2. From the literature results the fixed-fixed boundary condition resonant frequency lie in between the 
experimental result frequency range so the fixed-fixed boundary condition (Table 2) is more accurately describe 
human body femur bone condition. So we will discuss about this boundary condition only. The first resonant 
frequency is 1211 Hz. The five sinusoidal lateral buckling modes (Mode 2, Mode 3, Mode 4, Mode 8 and Mode 9) 
and others localized expanded modes are shown in figure 4. Figure 3 shows the mode shape of free-free boundary 
conditions. 
 
External excitation on femur bone may cause fracture to the bone. The reason for the fracture is matching of external 
excitation frequency to natural frequency of the femur bone. The natural frequency of femur bone vibration varies 
from 1211 Hz to 7856.4 Hz. The modal analysis results are satisfied with a experimental work done by Khalil et al. 
(1981).The experimental natural frequency varies from 250Hz to 7239 Hz. Our modal analysis result frequency is in 
between experimental frequency range.  
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                Figure 3. Eight different mode (1,2,4,5,7,8,9 &10) shape of the femur bone Model (Free-Free boundary condition) 
 
       
 
      
 
  
               Fig. 4. Eight different mode shape (1, 2, 3,4,6,8, 9 & 10) of the femur bone Model (Fixed-fixed boundary condition) 
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The modal frequency results are free vibration result, if femur bone is subjected to forced vibration i.e. load is 
applied from outside. In this case the chances of fracture are maximum. In order to prevent the fracture during 
external loading the design should be modified so that the excitation frequency does not match to the natural 
frequency. During external loading condition the fracture location can be find out by seeing the particular mode 
shape. For example the external excitation at 1211 Hz (first mode) the tendency of fracture is from femur Bone shaft 
part in the same manner external excitation at 7663.2 Hz (Ninth mode) the bone will fracture from Neck region 
having maximum displacement (red colour region). In tenth mode shape the points of fracture is distributed 
throughout the bone shaft and neck region. 
 
5.  Conclusion 
 
It is observed that sudden accident and continuous vibration excitation is the main reason for femur bone failure. 
The results of this study show that the maximum chance of bone cracking is through bone shaft and neck region. 
The natural frequency and first ten mode shape of femur bone was determined using fixed-fixed boundary 
condition. The results of this study are verified by the experimental results available in literature.ANSYS14.5 
software has powerful analysis capabilities and SOLIDEDGE software has a powerful function of solid modeling. 
They are suited for Finite Element Analysis of complex shapes. The3D solid model is prepared by applying 
SOLIDEDGE software and is transferred to ANSYS 14.5. In this research work we have considered the vibration 
problem of the femur bone using FEA method. Finite Element Analysis offers satisfactory results with additional 
ability to calculate regional mode and natural frequency with fracture locations during external loading condition. 
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